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Abstract
Remote sensing techniques were used to monitor the Trophic State Index
(TSI) within Al Huweizah Marsh. The TSI is a function of Secchi depth (SD),
which is a function of the spectral reflectance in Blue (TM1) and Red (TM3)
spectrum bands. Satellite images of Landsat-7 ETM for February and March-2006
were selected and a series of remote sensing and digital image processing
techniques and methods were applied on the selected images to extract the
required data from these images. A set of measured SD and obtained spectrum
reflectance from the Landsat ETM image of February-2006 were used to perform
the calibration process by using the quasi-Newton optimization method. The
calibrated model was applied on the marsh area by using the two selected images.
Results of applying this model show that the TSI values in most of the Iraqi
parts of the marsh are between 40 and 50% and increased in the Iranian and the
southern part of the marsh to about 70%. The developed model can be effectively
used to estimate the TSI distribution pattern within the marsh.

Keywords: Remote Sensing Model, Trophic State Index, Al Huweizah Marsh.

ﻨﻤﻭﺫﺝ ﺘﺤﺴﺱ ﻨﺎﺌﻲ ﻟﻤﺭﺍﻗﺒﺔ ﺤﺎﻟﺔ ﺍﻹﺜﺭﺍﺀ ﺍﻟﻐﺫﺍﺌﻲ ﻓﻲ ﻫﻭﺭ ﺍﻟﺤﻭﻴﺯﺓ

ﺍﻟﺨﻼﺼﺔ
 ﺇﻥ.ﺘﻡ ﺇﺴﺘﺨﺩﺍﻡ ﺘﻘﻨﻴﺎﺕ ﺍﻟﺘﺤﺴﺱ ﺍﻟﻨﺎﺌﻲ ﻟﻤﺭﺍﻗﺒﺔ ﻤﺅﺸﺭ ﺤﺎﻟﺔ ﺍﻹﺜﺭﺍﺀ ﺍﻟﻐﺫﺍﺌﻲ ﻓﻲ ﻫﻭﺭ ﺍﻟﺤﻭﻴﺯﺓ
ﻤﺅﺸﺭ ﺍﻹﺜﺭﺍﺀ ﺍﻟﻐﺫﺍﺌﻲ ﻫﻭ ﺩﺍﻟﺔ ﻟﻌﻤﻕ ﺴﺎﻜﻲ ﻭﻫﻭ ﺩﺍﻟﺔ ﻟﻤﻘﺩﺍﺭ ﺍﻟﻁﻴﻑ ﺍﻟﻤﻨﻌﻜﺱ ﻀﻤﻥ ﺍﻟﺤﺯﻤﺘﻴﻥ
 ﻭﺍﻟﻤﺘﺤﺴﺱ/  ﺘﻡ ﺇﺨﺘﻴﺎﺭ ﺼﻭﺭﺘﻴﻥ ﻓﻀﺎﺌﻴﺘﻴﻥ ﻟﻠﻘﻤﺭ ﺍﻟﺼﻨﺎﻋﻲ.ﺍﻟﻁﻴﻔﻴﺘﻴﻥ ﺍﻟﺯﺭﻗﺎﺀ ﻭﺍﻟﺨﻀﺭﺍﺀ
 ﻭﺘﻡ ﺘﻁﺒﻴﻕ ﺴﻠﺴﻠﺔ ﻤﻥ ﺘﻘﻨﻴﺎﺕ ﻭﻁﺭﻕ2006  ﻟﺸﻬﺭﻱ ﺸﺒﺎﻁ ﻭﺃﺫﺍﺭ ﻤﻥ ﻋﺎﻡLandsat-7ETM
ﺍﻟﺘﺤﺴﺱ ﺍﻟﻨﺎﺌﻲ ﻭﻤﻌﺎﻟﺠﺔ ﺍﻟﺼﻭﺭ ﺍﻟﺭﻗﻤﻴﺔ ﻋﻠﻰ ﺍﻟﺼﻭﺭ ﺍﻟﻤﺨﺘﺎﺭﺓ ﻹﺴﺘﺨﻼﺹ ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﻤﻁﻠﻭﺒﺔ ﻤﻥ
 ﺘﻡ ﺇﺴﺘﺨﺩﺍﻡ ﻤﺠﻤﻭﻋﺔ ﻤﻥ ﺃﻋﻤﺎﻕ ﺴﺎﻜﻲ ﺍﻟﻤﻘﺎﺴﺔ ﻭﻗﻴﻡ ﺍﻹﻨﻌﻜﺎﺴﻴﺔ ﺍﻟﻁﻴﻔﻴﺔ ﺍﻟﻤﺴﺘﺨﻠﺼﺔ. ﺍﻟﺼﻭﺭﻫﺫﻩ
ﻨﻴﻭﺘﻥ-ﻤﻥ ﺍﻟﺼﻭﺭ ﺍﻟﻔﻀﺎﺌﻴﺔ ﻟﺸﻬﺭ ﺸﺒﺎﻁ ﻹﺠﺭﺍﺀ ﻋﻤﻠﻴﺔ ﺍﻟﻤﻌﺎﻴﺭﺓ ﻟﻠﻨﻤﻭﺫﺝ ﺒﺈﺴﺘﺨﺩﺍﻡ ﺘﻘﻨﻴﺔ ﻜﺎﻭﺯﻱ
 ﺘﻡ ﺘﻁﺒﻴﻕ ﺍﻟﻨﻤﻭﺫﺝ ﺍﻟﻤﻌﺎﻴﺭ ﻋﻠﻰ ﻤﺴﺎﺤﺔ ﺍﻟﻬﻭﺭ ﺒﺈﺴﺘﺨﺩﺍﻡ ﺍﻟﺼﻭﺭﺘﻴﻥ ﺍﻟﻔﻀﺎﺌﻴﺘﻴﻥ.ﻹﻴﺠﺎﺩ ﺍﻟﺤل ﺍﻷﻤﺜل
.ﺍﻟﻤﺨﺘﺎﺭﺘﻴﻥ
ﺒﻴﻨﺕ ﻨﺘﺎﺌﺞ ﺘﻁﺒﻴﻕ ﺍﻟﻨﻤﻭﺫﺝ ﺇﻥ ﻗﻴﻡ ﻤﺅﺸﺭ ﺤﺎﻟﺔ ﺍﻹﺜﺭﺍﺀ ﺍﻟﻐﺫﺍﺌﻲ ﻓﻲ ﻤﻌﻅﻡ ﺍﻟﺠﺯﺀ ﺍﻟﻌﺭﺍﻗﻲ ﻤﻥ
 ﻭﺘﺯﺩﺍﺩ ﻓﻲ ﺍﻟﺠﺯﺀ ﺍﻹﻴﺭﺍﻨﻲ ﻭﺍﻟﺠﺯﺀ ﺍﻟﺠﻨﻭﺒﻲ ﻤﻥ ﺍﻟﻬﻭﺭ ﻟﺘﺼل%50  ﺍﻟﻰ%40 ﺍﻟﻬﻭﺭ ﺘﺘﺭﺍﻭﺡ ﺒﻴﻥ
 ﺇﻥ ﺍﻟﻨﻤﻭﺫﺝ ﺍﻟﻤﻁﻭﺭ ﻴﻤﻜﻥ ﺇﺴﺘﺨﺩﺍﻤﻪ ﺒﻜﻔﺎﺌﺔ ﻟﺘﻘﺩﻴﺭ ﺍﻨﻤﺎﻁ ﺘﻭﺯﻴﻊ ﻤﺅﺸﺭ ﺍﻹﺜﺭﺍﺀ ﺍﻟﻐﺫﺍﺌﻲ.%70 ﺍﻟﻰ
.ﻓﻲ ﺍﻟﻬﻭﺭ
Introduction
Al
Huweizah
Marsh
is
considered as the largest marsh at the

southern part of Iraq. It is located at
the east side of Tigris River at
Maissan
and
Al
Basrah
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Governorates.
Protecting
and
monitoring marsh water quality is a
major concern for many local and
state agencies. Trophic state is useful
in measuring water quality because it
relates directly to both human-use
perceptions of quality and to the
abundance of algae. Thus, The three
common water quality variables that
indicate lake trophic state are total
phosphorus (TP), chlorophyll a
(chla), and Secchi depth (SD), (Kali,
E. et al, 2003).
However, because of expense
and time requirements for groundbased monitoring, it is impractical to
monitor more than a small fraction
of marsh by conventional field
methods.
Remote
sensing
techniques, Satellite images, are
another tool that can potentially be
applied to gather information needed
for trophic state assessments.
Trophic State Estimation Model
Water clarity is an indirect
measure of a marsh’s trophic state,
its status in terms of nutrient
concentrations
and
biological
productivity.
Water
clarity
commonly is measured by the Secchi
disk. The depth of disappearance is
called the Secchi depth (SD).
Close correlations were found
between water clarity, as measured
by the Secchi disk, and light in the
blue and red bands of the spectrum
reflected from lake water surfaces
and measured as “brightness” by
satellite sensors. The general
predictive equation that was found
for water clarity estimation has the
form, (Olmanson, L. G. et al, 2002):
ln(SD)=a(TM1/TM3) + b(TM1) + c
……...(1)
where a, b, and c are coefficients fit
to the calibration data by the
regression analysis, ln(SD) is the
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natural logarithm of the Secchi depth
for a given water body, and TM1 and
TM3 are the brightness values
measured by the Landsat sensor in
the blue and red bands, respectively.
SD can be used for water clarity
measurements, along with various
transformations such as the trophic
state indices (TSI). The estimated
SD can be converted to Carlson’s
trophic state index based on
(Carlson, R. E., 1977):
TSI(SD) = 60–14.41 ln(SD))
…....(2)
It is important to recognize that
other factors besides algal turbidity,
as indicated by chlorophyll levels,
may affect SD in marshes. Most
important of these, non-trophic-state,
factors are humic color and non-algal
turbidity, including soil-derived
clays and suspended sediment. For
this reason, the results were
presented based on SD calibrations
as satellite-estimated SD or TSI
(SD), which clearly identifies the
value as an index based on
transparency, rather than the generic
term, TSI.
Remote Sensing Works
Digital Image Processing (DPI) may
involve
numerous
procedures
including formatting and correcting
of the data, digital enhancement to
facilitate better visual interpretation,
or even automated classification of
targets and features entirely by
computer. In order to process remote
sensing imagery digitally, the data
must be recorded and available in a
digital form suitable for storage on a
computer tape or disk. Obviously,
the other requirement for digital
image processing is a computer
system, sometimes referred to as an
image analysis system, with the
appropriate hardware and software to
process the data. ERDAS 8.4
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package was used to process and
analyze the satellite images.
Satellite Image Selection
Landsat,
particularly
the
Landsat-7
Enhanced
Thematic
Mapper (ETM), offers global
coverage of Al Huweizah Marsh,
with a resolution of 14.25m and
revisit period of 16 days, (CCRS,
2002). This type of satellite images
can be effectively used for the marsh
water monitoring. Accordingly, the
Landsat-7 ETM images of February
and March- 2006 were selected to
use for estimating the water clarity
within the marsh.
Layer Stack and Image Subset
The selected images, Landsat7 ETM, were of eight bands. In this
research, only the visible range of
the
spectrum
was
required.
Therefore; Three bands of the
selected Landsat-7 ETM, ETM1,
ETM2 and ETM3 and, were used.
The selected satellite images of Al
Huweizah Marsh were very large
and include area outside the study
region, area of interest AOI, which is
specified according to CRIM, 2007.
From these points the layer stack and
image subset operations were
applied on each image using ERDAS
8.4 package to reduce the sizes of
images files, Figures (1) and (2).
Converting Digital Numbers to
Radiance.
Conversion of a digital
number to its corresponding radiance
is necessary when comparing images
from different satellite sensors or
from different times. Each satellite
sensor has its own calibration
parameter, which is based on the use
of linear equation that relates the
minimum and maximum radiation
brightness. Each spectrum band also
has its own radiation minimum and
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maximum. Information pertaining to
the minimum and maximum
brightness (Lmin and Lmax ,
respectively) is usually found in the
metadata or from ERDAS 8.4
software by using imageinfo
command. The obtained Lmin and
Lmax for the three bands of each one
of the selected images were listed in
Table (1), (US Army Corps of
Engineers, 2003).
The equation for determining
radiance from the digital number is
(US Army Corps of Engineers,
2003):
L=(Lmax - Lmin)/225×DN+Lmin ...(3)
Where
L= radiance expressed in Wm-2sr-1
Lmin=
spectral
radiance
corresponding to the minimum
digital number (DN).
Lmax=
spectral
radiance
corresponding to the maximum
digital number (DN).
DN= digital number given a value
based on the bit scale used.
Depending on Eq. (3) and
Table (1), a digital image processing
model was developed by using the
extension Imagine Spatial Modeler
component of the ERDAS 8.4
package to perform this conversion,
Figure (3). The result of applying
this model is an image of three
layers, bands, with extension of
(.img). This model was applied on
the selected two images.
Water Clarity Model Calibration
The variables a, b, and c of Eq.
(1) are coefficients fit to the
calibration data by the regression
analysis. A set of measured SD at 20
points, (USAID, 2006), and the
obtained spectral reflectance at these
points from the selected Landsat-7
ETM of February- 2006, Table (2),
by using ERDAS 8.4 software, was
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used to perform the calibration
process. This process was performed
to obtain the variables of a, b and c
by
using
the
quasi-Newton
optimization method. The results of
the calibration process, Figure (4),
show that the values of the variable
a, b and c are 2.309, -0.094 and 0.199, respectively.
Water Clarity Model Application
To estimate the TSI pattern
within Al Huweizah marsh by using
Eq. (1) and (2), an image processing
model was developed by using
Imagine Spatial Modeler component
of the ERDAS 8.4 software to
estimate the value of TSI in each
pixel of the used image, Figure (5).
The output of this model is an image
with pixel values equal to the
estimated value of TSI in the
corresponding positions of these
pixels in the source image, input
image.
The developed model was
applied on the marsh area by using
the selected Landsat ETM images of
February and March-2006. The
results of applying this model on the
marsh area by using these two
satellite images are shown in
Figures (6) and (7). These figures
show that the TSI values in the water
part of the marsh, where there is no
vegetation, are fluctuated between 40
and 60%. These values increased in
the vegetation part of the marsh to be
between 60 and 70% because of the
vegetation effect on the trophic state
and on the obtained spectral
reflectance in the red band, ETM3,
from this part. At the soil part of the
marsh, where it is not expected that
true results can be obtained from Eq.
(1), the TSI values are fluctuated
between 90% and to greater than
100%.
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Conclusions
Results of water clarity model
application show that the developed
model, Trophic State Index (TSI),
an be effectively used to estimate the
TSI distribution pattern within the
marsh. In most of the Iraqi parts of
the marsh, especially these named Al
Adham, AsSodda and Um Alnaaj,
the TSI values are between 40 and
50%. This indicates that these parts
are trophicly poor. The values
increased in the Iranian and the
southern part of the marsh to about
70%. The TSI values within Al
Adham, AsSodda and Um Anaaj
parts of the marsh increased at
March-2006 to about 60%. While at
the southern part of the marsh it
increased to about 80%.
References
[1]-Carlson, R. E., 1977. "A trophic
state index for lakes". Limnology
and Oceanography, 22, 361-369.
[2]- CCRS (Canada Center for
Remote
Sensing),
2002.
"Fundamentals
of
Remote
Sensing", Canada Center for
Remote
Sensing,
Natural
Resources –Canada.
[3]- CRIM (Center for the
Restoration of Iraqi Marshlands),
2007. "Study the Rehabilitation
of Al Huweizah
Marsh Ecological System" Vol.1 to
Vol.7.
[4]- Kali, E. et al, 2003. "Extending
Satellite Remote Sensing to Local
Scales: Land and Water Resource
Monitoring
Using
HighResolution Imagery". University
of Minnesota, USA, Remote
Sensing of Environment, , 88
(2003) 144– 156.
[5]- Olmanson, L. G., Bauer, M. E.,
& Brezonik, P. L., 2002. "Water
Quality Monitoring of 10,000
Minnesota Lakes: Statewide

PDF created with pdfFactory Pro trial version www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.16, 2010

Classification of Lake Water
Clarity Using Landsat Imagery.
Proceedings|, 15th William T.
Pecora
Memorial
Remote
Sensing Symposium. November
8– 15, Denver, Colorado,
unpaginated CD ROM, 5 pp.
[6]- US Army Corps of Engineers,
2003. Engineering and Design
Remote Sensing". Dept. of the

Remote Sensing Model for Monitoring
Trophic State of Al Huweizah Marsh

Army, Washington, D.C. 203141000.
[7]- USAID, 2006. "Changes in Soil
and Water Characteristics of
Natural, Drained and Re- flooded
Soils in the
Mesopotamian
Marshlands:
Implications
for
Land
Management Planning". United
State
Agency
International
Development. Appendix 6&7.

PDF created with pdfFactory Pro trial version www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.16, 2010

Remote Sensing Model for Monitoring
Trophic State of Al Huweizah Marsh

PDF created with pdfFactory Pro trial version www.pdffactory.com

Remote Sensing Model for Monitoring
Trophic State of Al Huweizah Marsh

Figure (2). Landsat-7 ETM, 6/3/2006, 3-bands
stack and subset.

Figure (1). Landsat-7 ETM, 2/2/2006, 3bands stack and subset
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Figure (3) Convert Digital Numbers to Radiance Digital
Image Processing Model.

Figure (4) Results of the water clarity model calibration process.
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Figure (5) Trophic state index, TSI, Digital Image Processing Model.
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Figure (7). TSI distribution within the marsh
area at March-2006.

Figure (6). TSI distribution within the marsh
area at February-2006.
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